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ABSTRACT
{Confidential)
The Naval Research laboratory is serving as technical directors of

the Navy's Air to Air Missile Study. The results are presented in a
series of volumes under NRL Memorandum Report 75hk. This volume is the
ninth in the series. The study to date has been primarily concerned
with the system employing the FhH-1 alreraft, the AN/APQ-T2 radar and
the Sparrow III6a missile. This volume represents a continuation of
the study results presented in preceding volumes.

This is an interim report; work on the problem is continuing.
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SUMMARY OF NAVY STUDY PROGRAM FOR FhH-1 WEAPON SYSTEM

INTRODUCT ION

The Dureau of Asronautics has contracted with the Naval Research
Iaboratory to —onduct system studies directed toward establishing the
tactical use capability of Navy Air to Air Missile Systems. These
studies are conducted under the technical direction of the Naval Research
laboratory with all inputs derived from Navy sources. To date, study
effort has been primarily directed toward revealing the tactical use
capability of the FhW}-1 Weapon System. In support of this effort, NRL
has contracted with Westinghouse Air Arm Division for analytical ser-
vices. Recommendatioans and conclusions to be drawn from analytical
results are assumed to be & Navy responsibility, and in particulsr,
the responsibility of the technical directors (NRL). This report is
the ninth in a series directed toward revealing the tactical effective.
ness of the FUH-1 Weapon System.

effort. Wherever possible, duplication has been avoided. Input data
for the study has been obtained from the government facilities, which
most logically would cover the particular field. For example, radar
test date was obtained from NATC, Patuxent; Sidewinder performance data
has been obiained from NOTS, Inyokern; and Sparrow III seeker perforumance
data has been obtailned from NMC, Pt. Mugu. In addition, the facilities
of the various activities have been, in effect, pooled so that special
talents and equipments can be employed. The results of NMC simulstor
stucies to ascertain the allowable launch error for Sparvow ITIT, and
the effects of hydrasulic oil limits have been incorporsted in the over-
all study. In addition, NMC has conducted tests to verify the vertor-
ing accuracies used in this study. They have conducted tests tc deter-
mine if the field degradstion applied to AI radar detection range in
this study is valid. It is very important that everyone concerned
recognize that & study such as this must be & tesm effort. It is every
bit as important to continue this tesm effort on future studies under
this program (Sparrow III6b and Eagle).

The study results to date have been presented in Vols. T, TT, TTT,

IV, VII and VIII of this series (references 1 thru 6). The study effori
covered by these volumes carries the system through to Sparrow IIi6s
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misgile isunch. At this point it is assumed that if the initial aircraft
heading errors can be reduced to an acceptable launch error, the missile
will fly perfectly +o impact with the target. This volume presents a
continugtion of the effort. It is intended to present materisl not
covered by the preceding volumes in such 3 fashion that the entire pic-
ture of system operstion, up to the point of missile launch, will have
Leen ceuvered. The primary phases of investigation covered by this volume
are:

L. System performance unler perfect vectoring conditions in co-
alsitude attacks.

2. System performsnce under perfect vectoring conditions in puli-
up zsttecks.,

3. Sys*em performznce under expected tactical conditions in co-
altitude attacks.

a. Nonmaneuvering targets
b. Maneuvering targets
¢. Penetration effects consldered

4, System performence under expected tactical conditions in pull-

up atiacks.

A1l Future study of the FhH-1 Weapon System (Sparrow III6e)} will bc de-
voted to simulation and study of the entire system ioop, including simula-
tion of the missile.

The material contained in this memorandum report is intended pri-
marily for Bureau information. Durdng the contract negotiation phase, it
wvas agreed that all distribubion, except for government actlvities, will
be hendled through the Bureau chuannels.

STUDY FROCEDURE

The basi: outline for the Navy's study was given in Volume T. It
will be repeated here in modified form for quick reference and for clari-
fication of changes which have occurred during the program. Table I gives
thie modified outline of the Nevy's Air to Air Missile Study Program. As
originelly planned, the outline was intended to be a general gulde having
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flexible elements in order that additionally needed study areas which
developed as the study progressed could be included if desired. A
second investigation, considered separately for contractual reasons,
was planned to be essentially a repeat, for the Sparrow II missile,

of Phases I thru V of the basiec study. The Sparrow II study of Tablc I
was postponed so that more pressing problems could be investigated.
Initial study effort considered the Sparrow IIT on the F8U-3 aircraft.
Since there 1s no longer any competition between the two ailrcraft, the
consideraticns of the F8U-3 have been dropped from the study program.
In addition, Sparrow X will not be studied as originally intended,
because of contract cancellation.

As listed in Volumes I and III, a working framework fcr the study,
which consists of six parts, has besen constructed against which the per-
formance of each system combination is analyzed. This framework is
repeated here:

Part 1: Development of effective theoretical co-altitude attack
zones under ideal conditions.

Part 2;: Development of effective theoretical non co-altitude
attack zones under ideal conditions.

Part 3: Development of effective thoretical attack zones in
the presence of the degradation of expected tactical
conditions.

Part L4: Repeat Part 3 for possible improvements to the systems
which are heing considered by the Navy.

Part 5: BStudy to determine and assess realizable improvements.
Part 6: Study of infrared (IR) tie-in for AI fire control systems.
The material presented in Volumes I and III of this serles was grouped
to fit this framework. Most of thils material will not be presented here.

However, new results wlll be fitted into the appropriate phase in the
framework.

3 CONFIDENT IAL
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PHASE I

TABIE T
OUTLINE OF NAVY AIR TO AIR MISSIIE SYSTEM STUDY PROGRAM
System Performance Under Ideal Conditions

A. Alircraft Characteristics
F4H-1

B. Altitudes (co-altitude case)

l. 1000 ft or less
2. 30,000 ft
3. 50,000 ft

C. Interceptor Velocity

FUH-1 at altitude (Voo 208 Vopyise)

D. Target to Interceptor Speed Ratio for Interceptor at V..

1. 0.45Y):
2. 0.8 ?T Some cases may be trivial and will not be used

3. 1.0

Target speed resulting from above will be used for inter-
ceptor at V,uige-

E. Conditions

1. Perfect vectoring

. Straight line flight path

Current AT detection capghility

B-47 size target

Preparstion time - two cases determined by study

Sparrow III - capability of current seeker is to be used

Sparrow III - aerodynamic capsbility of current missile
is to be used

. Gimbal angle limits in F4H-1 aircraft

a. APQ-T72
b. Seeker

°

o O Fw o

9. TIllumination consideration - gecmetry of keeping both
target and missile 1lluminated. Illumination require-
ments to be determined by study.
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PHASE II System Snap-up Performance Under Ideal Conditions
A. A, C, D, and E - same as Phase I

B. Altitudes (snap-up case)
1. Target

a. 30,000 ft
b. 50,000 ft
c. 65,000 ft

2. Interceptor altitude - to be determined by study
of system capsbility
PHASE III System Performance Under Expected Tactical Conditions
A. Target maneuver
B. Vectoring accuracy

C. Weather

D, Limits imposed by interceptor tacties

1. Climb capability
2. Endurance
3. Dead time

E. Countermeasures

1. Airborne weapons system

PHASE IV System Performance Under Expected Tactical Conditions with
Addition of Currently Proposed Improvements

A. Improvements proposed:

Search volume optimization

Triangle system vectoring

. Automatic alarm

Improved receiver noise figure

. Back-biased range and display IF amplifier with brosd-
band switching

. Gated narrovhand angle track IF amplifier (home on jam)

N WV FW R
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PHASE V

PHASE VI
PHASE VII

PHASE VIII

T- Bright display
8. Provision for switching polarization {(circular and vertical)

9. Broadbanding of the plumbing
10. Jittered FRF '
1l. Antenns with high altitude feed
12, TImproved two-speed AFC
13. Relocation of CW injection plumbing to increase gimbal
angle in elevation
14. Nonsaturating AGC
Study to Determine and Assess Reallzable System Improvements
A, AI Radar
B. Missile
C. Vectoring
D. Tacties
Study of IR Tie-in with the Firs Control System
Performance Capability of Sparrow III with an IR Seecker

Repeat Study Phase I Through Phase VI for the Sidewinder
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F4H-1 WEAPON SYSTEM PERFORMANCE UNDER IDEAL CONDITIONS ~ INPUT DATA

The system analysis under "ideal" conditions, which was started in
Volume I, is continued here. As stated in Volume I &né III, the result-
ing performance will indicate a capabllity representative of the best
that can be achieved with high probebility. The target is nonmaneuvering
and the vectoring is perfect. However, "ideal" should be interpreted in
a limited sense, since the performance of the weapon system subelements
1s defined by realizable rather than infinite quantities.

Radar Analyses

In Volumes I and III, the characteristics of the radar defined at
that time as the 62 lot AN/APQ-72 were given. This radar is now known
as the XN-2, Attack zones resulting from the use of this radar were
presented for high, medium and low altitude targets. Detailed parameter
plots for attacks made under these ideal conditions have been presented
in Volumes VII and VIII.

In preceding volumes of this study, the investigation of radar perfor-
mance influence on system capability under ideal conditions has been
divided into two phases; performance of the XN-2 radar and performance
of an improved AN/APQ-T2. It is now believed that the performance of
the improved APQ-T72 will be avallable in the Fi4H-1 Weapon System in the
XN-3 radar. For this reason, the results presented in this volume for
the ideal attack conditions are restricted to those resulting from the
XN-3 radar. The 85% probability of detection range for this radar agsinst
a B-U7 size target flying at M 1.6 at 50,000 ft where Vr /VF = 0.8 is shown
by Fig. 1. Head-on, this radar has an 85% probability of detection at
approximately 19 naut mi.

Aircraft Analyses

The performance of the F4H-1 aircraft has been detailed in Volumes
I thru IV of this series. 'No changes in this performance has occurred
during the study perlod covered by this.report.

Missile Analyses

Data describing the performance of the Sparrow III missile used in the
Navy's Air to Alr Missile Study has been presented in preceding volumes.
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Changes in input date related to this missile that have been entered into the
study program are increased seeker lock-on range and increased minimum aero-
dynamic range (Rpin). Figure 2 shows the 90% probability of seeker lock-on
against a B-UT size target for the missile studied. This is the result of
NMC tests (reference 7) scaled to the B-47 size target. It is seen that the
seeker has & 90% lock-on capabllity against the B-U7 size target, head-on,

of 6.82 naut mi.

It is recognlzed that changes in aerodynamic performance of the Sparrow
III 6a missile are occurring. The only change that has been incorporated into
the study effort covered by this volume is Rpin which 1s represented by the
equation Bpin = R2(h) + T2Vc. To has been changed from 3.3 scconds to 4.3
seconds. Ro(p) remains as shown on Fig. 15 in Volume I of this series of re-
ports. Current simulation programming is taking into consideration the effects
of all changes in the aerodynamic performance,

PHASE I - SYSTEM PERFORMANCE UNDER IDEAL CORDITIONS-HORIZONTAL ATTACKS

In Volumes I and III the effective attack zone overlays for the FLH-1
Weapon System (when employing the XW-2 radar) have been given. These results
will uot be repeated here. FPigures 3 and L give the effective attack zone
overlays when the XN-3 radar (19 naut mi detection range against head-on
aspect of B-LT size target) and the improved seeker range (6.82 naut mi lock-

w1 A

on range head-on againet R-L7 size target) arc cmployed.
Attack Zones

Figure 3 gives the resulting effective attack zone for & horizontal
attack which occurs at 50,000 ft altitude. The interceptor is flying under
Vimax conditions (1940 ft/sec) and the speed ratio Vp/Vp = 1.0. Referring
to this figure it is seen that the effective attack zone for high probability
of success has an outer limit set by the Sparrow III seeker range (curve F),
the 6.5 naut mi missile range interlock (curve G), and Ryyy (curve C). The
inner boundary ls set by the minimum aerodynemic range of the missile (Rmin):
and Ny = 3 (curve E). The approach courses are restricted for successful
attacks to those between head-on and 68° off the target's nose. All others
fall because of a lack of speed advantage.

Figure 4 shows the results for horizontal attacks mede under the same
conditions as those of Fig. 3, except the target speed has been reduced so
that the speed ratio (Vp/Vp) is 0.8. The effective attack zone 1is essentially
the same as that on Fig. 3. The inner boundary is now determined by Rpin;
around-the-clock attacks can be made. Howvever, penetration distances are
great due to low speed advantage.

As has been stressed in preceding volumes, the above two figures present
the results for horizontal attacks made under "ideal conditions.
When additionsl system settling time, beyond that required for AI radar
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lock-on is considered, much of the effective attack zone in the forward
hemisphere is eliminated. 'The Navy study has used 27 seconds as a mean
settling time. This is arrived at from many simulator runs. Referring
to Fig. 3, it is seen that if a line is drawn through the 27 second points
on each run,much of the effective attack zone ls eliminated.

Remaining Study

The results presented in this and preceding volumes for the horizontal
attacks made under "ideal" conditions essentially concludes the study
effort to be applied to this phase as related to the Sparrow III 6a. Any
additional reporting on this phase will be restricted to introducing changes
in serodynamic performence of the missile.

PHASE II - SYSTEM CAPABILITIES FOR PULL-UP ATTACK UNDER IDEAL CONDITIONS

In Volumes I and III the pull-up capabilities of the FUH-1 Weapon System
when employing either the XN-2 or the APQ~72 (XN-3) radar were presented.
No additional results for the system employing the XN-2 radar will be pre-
sented in this volume. In addition, all results are for the system using
the improved missile seeker lock-on range of Fig. 2. The intent of present-
ing additicnal results for this phase of the study is to glve & complete
plcture of the resulting system capability under idesl conditions when
attacks are started from any target aspect.

Conditions

The condibions of the pull-up attack investigation for this phase of
the study are as follows:
a. Aircraft characteristics - FLH-1
b, Target altitudes - 50,000 and 65,000 ft
c. Interceptor altitudes -~ as capable from below

d. Reflective area - B-LU7 size target,assumed the same as for co-
altitude case

e. Velocitles - interceptor velocity at altitude, Vpg, and Vapyige

f. Target to interceptor speed ratios for interceptor at Vygy - 0.8,
1.0. Resulting target speeds from above alsc used for inter-

ceptor at V,ige
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g. Perfect vectoring
h. Straight line flight path (target)

1. Current AI detection capability - 85% probability at 19 naut mi
(head-on aspect B-h7)

o Time from detection to lock-on - 10 seconds

. Missile aerodynamics - current Sparrow III

. Gimbal angle limitations of improved APQ-72 (XN-3) radar -
t 57° azimuth and elevation

n. Interceptor resiricted to 3g pull-up or Crpex during tracking
portion of the run

0. Allowable heading error for launching Sparrow IIT - 10°

J
k. Seeker capability - current Sparrow III
1
m

For these around the clock attacks, i1t is assumed that the intercepiur
continues on the vectored pure collision ecourse until pull-up occurs.
While different doctrines have been proposed for pull-up attacks, one advan-
vags of contimulng ou the pure collisicn course ic reduction of penetration
distance. Examples of other attack doctrines will be given later in the
report as illustrations. Detections are assumed to occur on the 85% detection
probabllity curve given by Fig. 1. Iock-on is assumed to occur 10 seconds
later, but is further limited by the 50 naut mi maximum lock-on range of

the Improved radar.

A lesd pursult course is maintained by the interceptor after launch to
provide l1llumination of the target. Tf the acceleration reguirements of
the course exceed the capabllity of the interceptor a Cyimax course is flown.
At impact 1t is assumed that the interceptor is maneuvered so that the lift
vector and the gravity vector are working together (rapidly redirecting
the interceptor downward). To date the recovery problem has received only
superficial coverage. The investigation of recovery was done separately
from the actuzl computer runs and detailed in Appendix II of Volume IV.

On the computer runs the interceptor was allowed to follow a lead pursuit
run as restricted by Ciyax after impact. During this portion of the run
the 3g limitation is removed beceause it is possible for the pilot to pull
more g's when he 1s not trying to solve a fire control problem. If during
the breakawsy portion of the run a minimum IL/W of 0.5 is maintained the
run is conslidered successful. During this portion of the run the accelera-
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tion ccnditions also must be such that Cp,.. i1s not exceeded. Two major
simplifying assumptions are made. The first is that the pllot can fly a
perfect Cimax course. This will yield optimistic results as far as re-
covery problems are concernsd. The second simplification is that during
the eritical part of the recovery maneuver ,thrust is assumed equal to drag.
The inaccuracies resulting from these simplifications can be resolved only
by more exact investigation. The method used represents & simplified
approgch to the problem.

Attack Zones

Figures 5 thru 34 show the resulting effective pull-up zones for
these "ideal" pull-up attacks. The conditions of Fig. 5 are that of a
target flying at 65,000 £t at M 2.0, The interceptor mekes head-on
pull-up attacks under Vpgx conditions from the range, and altitude condi-
tions shown by the labeled points.

Referring to Filg. 5, zero time delay corresponds to AI radar detection
range (19 naut mi). Throughout the Navy's study, a 10 second AI radar
lock-on time has been used. As stated in previous volumes, it is believed
that the pilot will not know how to initiate a pull-up attack prior to
AI lock-on {10 second delay). Therefore, one boundary on the effective
pull-up zone is that shown by the solid line at 10 seconds. If the inter-
ceptor must be able to reduce the initial heading error to 10° within the
launch boundaries descrived previously, the effective pull-up zone is
enclosed by the solid lines on Fig. 5. Pull-ups made from 58,000 ft at
10 and 15 second time delay are successes (error reduced to 0°). A pull-
up attack from 58,000 ft and 20 second time delay is a failure (minimum
error of 13°). The run initiated from 15 second time delay at 55,000 £t
is marginally successful (e = 9°).

Figure 6 gives the results when the interceptor approach course is
from 15° off the target's nose (target aspect angle 149 = 35°). The left-
hand graph of Fig. 6 gives the results for pull-up attacks initiated
with the interceptor operating at Vpgy conditions. The right-hand graph
gives the results when the attacks are initiated with the interceptor
operating under Veryise conditions. All other conditions are the same as
those of Fig. 5. Referring to the left-hand graph, it 1s seen that when
the fighter inltiates the pull-up attacks under Vpgy conditions, there is
a very restricted pull-up zone against this M 2.0 target. The pull-up
runs initiated at 58,000 £t and 15 second time delay, and at 55,000 ft
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and 10 second time delasy were failures. The primary reascn that the
effective pull-up zone is reduced compared to that of Fig. 5 i1s that
at 7, = 15°, the AI detection range is smaller than for head-on (see
Fig. 1). Thus, there is less time available for reducing errors.
When the fighter speed is reduced to Veyyigest pmil-up, all runs were
failures because ¢ > 10° (see right-hand graph).

When the approach aspect angle Is chenged to 1, = 30°, the results
are as shown on Fig. 7. Referring to the graph at the left of this
figure, 1t is seen that when the interceptor initistes the pull-up
attack while Tlying under V conditions, the puli-up zone is increased
in size over thet presented for the case of Ty = 15°. The reason for
this is that there is more time svailable to make the pull-up attack
(longer AI detection range as shown on Fig. 1 and slower closure rate).
The runs which were failures (shown by & ) failed becsuse of ¢ > 10°,
x> 57°, or the interceptor was unable to close on “he target to Rpgx.
It is interesting to note the trend at lower altitude. The reason for
the zone at the lower altitudes is that the interceptor is flying slower
and can maneuver faster to reduce the initial hesding error, and to avoid
gimbal angle problems. '

Referring to the graph on the right side of Fig, 7, it is T
when the interceptor initiates the attacks while flying at Vopjge 1o pull
up capability exists. The primary reasons for failures were ) > 57 , and
lack of & speed advantage.

g
e @

When the approach course is changed to that corresponding to 15 = U5°,
the results are as shown on Fig. 8. Il is seen that reduction of closure
rate is now playing a significant part in the resulting effective pull-up
zone. This zone, shown by the solid line, is increased markedly both in
differential altitude snd pull-up delay time. For example, at 58,000 ft
the interceptor can initiate successful pulli-up attacks from delay times
of 10 seconds out to delay times of approximately 30 seconds. It is also
seen that suceessful pull-up attacks can be initiated from 58,000 f{ down
to approximately 16,000 ft aliitude.

It is to be noted that some of the runs, particularly for long pull-
up delbys, were failures because of exccssive gimbal angle requirements
in azimuth. For example, the pull-up run made from 20,000 £t altitude and
25 second delay falled because of R, end ra > 57°. To investigate the
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effect of steering in azimuth-only between lock-on and pull-up, this
particular pull-up attack was rerun., The results will be discussed
later (Table III).

Graphs are not presented for the case of 1o = 45° while the inter-
ceptor is operating at Vapyises since it is obvious that all runs would
be failures because of lack of speed advantage.

Figure 9 gives the results for the case of 1o = 60°. For this
situation all runs were failures because of (> 57° and lack of a speed
advantage. It is obvious that against this high speed target it would
be useless to examine additional situations for larger 1o (aspect angles).

Figures 1C thru 19 give the results of pull-up attacks made under
the same conditions as described for the preceding figures, except for
the target velocity which is arbitrarily reduced to M 1.6. When the
approach aspect is head-on (1, = 0°) the results are as shown on Fig. 10.
Comparing these results to those given previously for tne M 2.0 target
(Fig. 5), it is seen that the effective pull-up zone (bound by the solid
line) is appreciably increased. Successful pull-ups can be made from
differential altitudes of approximately 25,000 ft. For the case of the
interceptor initiating attacks from 58,000 ft altitude, successful pull-
ups can he mede with time delays up t2 approximately 23 seconds. Th 1s
important to note that even though the zone has been increased, the
situation is still extremely marginal when settling times associated with
other than the "ideal" situation are considered. This will be discussed
in more detail under the section on Pull-up Attacks Under Expected Tac-
tical Conditions.

When 1, is increased to 15° the results are as shown on Fig. 1l. For
the case of Vp = Vyygx shown at the left on Fig. 11, the resulting effec-
tive pull-up zone is reduced appreciably from that available for the
head-on situation (see Fig. 10). This is due to reduced time available
because of lower AI radar detection ranges (see Fig. 1). The primary
reason for failure is due to the inability of the interceptor to reduce
the error to an acceptable value for missile launch (e > 10°). When the
interceptor initiates pull-ups under V.,.,;5e conditions, the results are
as shown on the right-hand graph of Fig. 1l. The system has no pull-up
capability (e > 10°).
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Figure 12 shows the results when 14 1s increased to 30° with all
other conditions the same as for the preceding figure. Comparing these
results to those obtained against the M 2.0 target (see Fig. T), it is
seen that the same trend occurs. ILooking at the graph to the left of
Fig. 12, it 1is seen that there is an effectlive pull-up zone for attacks
initiated at high altitude. At altitudes around 30,000 ft the inter-
ceptor cannot make a successful pull-up. Then, at low altitudes there
is enother effective pull-up zone. Bach of the zones are slightly larger
than those of Fig. 7 due t0o the fact that the closure rate is reduced
(slower target). The reasons for failures were excessive error and in-
ahility to reach the maximum aerodynemic range of the missile. When
the interceptor speed at pull-up corresponds to Vappjge the results ars
as shown to the right of Fig. 12. There is no pull-up capability. The
primary reasons for fallure were excessive gimbal angle () > 57°), and
lack of a speed advantage.

When the approach aspect corresponds to T, = 45° the resulting effec-
tive pull-up attack zone is as shown on Fig. 13 by the solid line. Come
paring these results to those given previously for the M 2.0 target
(see Fig. 8), it is seen that the widths of the effective pull-up zones
are approximately the same. However, reducing thc target veloecity allows
effective pull-up attacks to be made from slightly greater differential
altitudes.

The zone bound by the solid line on Fig. 14 gives the resulting
effective pull-up attack zones against this M 2.0 target when 74 = 60°.
This zZone is aprroximately 35 sec wide and covers the altitude range from
approximately 15,000 ft to 58,000 ©t. The primary réasons for failure
are excessive error and excessive glmbal angle. Comparing these results
to those given previously for the M 2.0 target on Fiz. 9, it is seen that
having a8 speed advantage changes the sitvation from che of no pull-up
capability tc one c¢f having a significant pull-up zone agvailable. Referring
to the pull-up runs on Fig. 14, which were initlated from long pull-up
delays (45 sec), and altitudes in the reglon between 15,000 £t and 30,000 ft,
it is seen that one of the reasons for faillure was the requirement for ex-
cessive azimuth gimbal angle (A, >57°). Two of these pull-up runs (the
one originating from 30,000 ft altitude and U5 sec delsy, and the one
originating from 20,000 ft altitude and 45 sec delay) were re-exsmined to
determine the effect on pull-up capability of changing the doctrine from
flying a pure collislon course between lock-on and pull-up to steering
in azimmth-only hetween lock-on and pull-up. The results asre detailed
in Table III.
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When the approach aspect is increased toward t, = 180°, the results
are as showm on Figs. 15 thru 19. For edach of these cases there are
large effective pull-up zones. However, as we approach the tail aspect
the penetration distances get large because of the low closure rates
involved. An indication of extent of these penetration distances can
be obtained by referring to Fig. 4. Figure 15 shows the results for
the case of 14 = 75°. The extent of the effective pull-up zone is
shown by the area enclosed by the solid line. Referring to this flgure,
one interesting new trend is observed. The inner bound on the effective
pull-up zone is no longer the AT radar lock-on range (10 sec puli-up
delay). If the pilot attempts a pull-up too soon after lock-on, the
runs fail because the intereceptor is unable to maintain the climb
attitude required to close the range to Rpgx. It is also interesting
to note that 58,000 ft altitude is no longer the upper limit on effec~
tive pull-ups. Runs vhich are initiated from this altitude fail because
of cxcessive azimuth gimbal angle (igy > 57 ). When the pull-up runs
are started from an initial approach aspect of 1, = 90°, the resulting
effective pull-up zone is as shown on Fig. 1€. The same trend as de-
scribed above for the t. = 75° case prevails for this case. Comparing
these results with those of Fig. 15, it is seen that the inner bound
is pushed even further out in time. The pilot, would have to wait
approximately 230 sec or longer after AL radar lock-om bofore startin,
pull-up or the interceptor will not be able to maintain the climb atti-
tude required to close to Rpyax. The reason for the greater difference
in delay times from which pull-ups can be made is that the detection
range at 90° is much larger than at 75°. Thus, the interceptor has to
close over a greater range.

When the initial aspect angle is changed to 15 = 120°, the results
are 8s shown on Fig. 17. The delay time before successful pull-ups can
be made is not as great as for the case of 1, = 90° (see Fig. 16) be-
cause the detection range is not as large. However, inability of the
interceptor to close to Rygy is playing a more prominent part in causing
run failures particularly at the lower altitudes. The upper limit on
effective pull-up zone, as in the cases of 1, = 75° and 90°, is no longer
a straight line dravm at 58,000 ft. However, the reason for the limit is
slightly different. On the preceding figures, the primary reasons for
failures at the higher altitudes is that the gimbal angles were excessive.
In the results shown on Fig, 17, the upper limit is due to ilnabllity of
the interceptor to close to Rpgx. The upper limit in the zone, shown by
the solid line, is slanted and would eventually intersect the 58,000 ft
altitude line. If the delay times are long enough the interceptor will
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close to Ryax and can complete & successful pull-up. Two sample runs

from this figure will be re-examined to see the effect of changing the
doctrine to permit the pilot to steer in azimuth-only between lock-on

and pull-up. The results will be shown on Table III.

Figure 18 shows the results when 1o is increased to 150°. The re-
sulting effective pull-up zone has the same general shape as tnat of
the preceding figure. The reasons for failures are the same. However,
it 1is importahtlto note the large delay times required before the inter-
ceptor can make a successful pull-up. Penetration distances will be large.
Figure 19 shows the results of increasing 7o to 180°. Again the penetra-
tion distances {large delay times required) will be large.

Figures 20 thru 34 show the results of pull-up attacks made under
"ideal" conditions when the target altitude is reduced to 50,000 ft.
Figure 20 shows the results of pull-up attacks against a M 2.0 target
flying at 50,000 ft. The approach aspect is head-on (1o = 0°). The
effective puil-up zZone is again enclosed by the solid line. Successful
pull-ups can be made from differential altitudes of 17,000 ft. A new
reason for failure is shown' on this figure. The co-gltitude run made
with a 25 sec delay failed because the interceptor was inside of the
minimum aerodynamic range of the missile (Rpip). The last launch point

(missilc launch prior to Pyi,) is shown on the figure ob 22.5 seconds
delay. When 71, is increased to 15° the results are as shown on Fig. 21.
When the interceptor initiates the attack under Vmax conditions, the
pull-up zone shown on the left-hand graph of Fig. 21 is obtained. It is
seen that the primary limitation is one due to the inability to reduce

the error to an acceptable 1limit (e > 10°). For the co-altitude situa-
tion (both target and interceptor at 50,000 ft) the limit is due to

Rpin. Ten seconds after lock-on, the interceptor would be inside of

Ryin. When the interceptor begins the pull-up attacks under Veruise
conditions the results are as shown at the right of Fig. 21, Comparing
this to the corresponding case for the 65,000 f+ altitude target (see

Fig. 6), it is seen that there is a mgjor change in effective attack zone.
Against this 50,000 £t altitude target, successful pull-ups can be made
from differential altitudes of 25,000 ft. The primary reascn for failure
is excessive error. It is of interest to examine the co-altitude situa-
tlon. It is seen that errors of 5° and 19° are obtained at 20 and 25 secs
pull-up delay respectively. These errors result from the criteria that is
used throughout the pull-up investigation reported. It is assumed that
the interceptor continues on the vectored course (pure collision) until
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pull-up. In the co-altitude situation, the pilot would certainly zero
the "dot" as soon as possible. If this is the case, the limiting fac-
ter would be Rp4,-

When the approach aspect is increased to 75 = 30°, the results are
as shown on Fig. 22. The case where Vp = Vppgy is shown at the left of
Fig. 22. The limiting factors on successful pull-ups are € > 10°, Rmin
and A>57°. The graph at the right of Fig. 22 shows the results vhen
VF = Voruise &t the beginning of pull-up., Under these conditions all
runs were fallures because of excessive gimbal angles and lack of a
speed advantage. The remaining cases for the M 2.0 target flying at
50,000 ft are shown on Figs. 23 and 24. The last case examined is that
shown by Fig. 24 (15 = 60°). It is seen that the system has no pull-up
capability because of excessive gimbal angles. For any approach aspect
beyond this point, this system will be edther limited by gimbals or lack
of a speed advantage.

When the target speed is reduced to M 1.6 at 50,000 £t altitude,
the results are as shown on Figs. 25 thru 3%. For the head-on situation,
shown on Fig. 25, it is seen that successful pull-up attacks can be made
from differential altitudes of 50,000 ft. The primary reasons for fallures
were € > 10°, Rpin, Ruyaxs, 8nd L/W < 0.5. The trend in the pull-up attacks
for b varlous 1o situations examined for this M 1.5 target at 50,000 ft
(see Tigs. 26 thru 34) is, in general, the same as that described previously
for the M 1.6 target flying at 65,000 ft. However, there is one detail
that should be explained. For example, on Fig. 31, a new limitation (Rygp)
enters the picture. This represents the limitation due to the radar's
inability to lock on targets at ranges greater than 50 naut mi.

The results of the pull-up attacks made under the ideal conditions
are summarized on Table II.
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TABLE II

PULL-UP ATTACKS UNDER "IDEAL" CONDITIONS

Interceptor Initial Target Primary Reasons for Comments
Velocity Aspect Angle Failure
at Pull-up (15)
Target Velocity - M 2,0
Target Altitude - 65,000 £t
Vonx Head-on € > 10° Successful pull-ups
from differential alti-
tudes of 15,000 ft,
Voax 15° e > 10° Marginal zone available
erulse 15 e > 10 No pull-up capability
\'s 30° e >10° »>57°R Successful pull-up
max ) max zone available
erulse 30 A > 57, lack of No pull-up capability
speed advantage ’
v kg® e > 10°, >57° R Successful pull-ups
max =70y Tmex L differential alti-
tudes of 48,000 ft
V oax 60° A > 57°, lack of No pull-up capability
speed advantage
Target Velocity - M 1.6
Target Altitude - 65,000 ft
Voax Head-on e > 10° Successful pull-up
zone available
Voox 15° e > 10° Msrginal zone available
Q -3 -
vcruise 15 € > 10 No pull-up capability
vﬁax 30 € > 10 ’Rmax Successful pull-up
zone available
o o i - X
eruise 30 A > 57", lack of No pull-up capabillty

speed advantage

18
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Interceptor Initial Target Primary Reasons for
Velocity Aspect Angle ' Failure Comments
at Pull-up (1)
v 45° € >10°,. _>57°R Successful pull-ups
max & 77 mAX  prom differential alti-
tudes of 52,000 ft
V oax 60° e > 10°, A>57° Successful pull-ups
: from diffevential albti-
tudes of 50,000 £t
Voax 75° e >10°, A >57°, R, Successful pull-up zone
available; penetration
disvance enters picture
Ve 90° e >10°,A>57°, R ox Full-up zone available;
penetration distances |
critical; early pull-ups
cause failures
v 120° e >10°, Ae:>57i R ax Pull-up zone available;
penetration distances
critlcal; early pull-ups
cause failures
o Q Q 3 .
A 150 €>10", Aé > 57, Rmax Pull-up fone gvallable,
penetration distances
unacceptable; early pull-
ups cause failures
Voax 180° e >10°, Aé:>57°,3max Pull-up zone available;
penetration distances
unscceptable; early pull-
ups cause failures
Target Velocity - M 2.0
Target Altitude - 50,000 ft
Vmax Head-on e >10° Successful pull-ups
from differential slti-
tudes of 17,000 £t
v : 15 € >10, Rmin Merginal zone available
chuise 15° € >-lO°, A>S57° Successful pull-ups

19

from differential alti-
tudes of 25,000 £t

CONFIDENT IAL



CONFIDENT AL

Interceptor Initial Target

TABIE II {Cont)

Primary Reasons for
Failures

Comments

Velocity Aspect Angle
at Pull-up (*o)

(-]
Vﬁax 30

(-3
Vcruise 30

0
Vﬁax 4y
Vﬁax 60
vmax Head-on
Vmax =
Vcruise 15
Vﬁax 30

cruise 30

Vmax hs
e 60

0
Voo 75

[+
vﬁax 90

€ >10° x> 57% Ry,

A > 5T7°, lack of
speed advantage

o ]
e >10°% A, >57", R

A>5T7°, lack of
speed advantage

Target Velocity - M 1.6

Successful pull-ups
from differential alti-
tudes of 34,000 Ti

No pull-up capability

Buccessful pull-ups
from differeniisl alti-
tudes of 34,000 £t

No pull-up capability

Target Altitude - 50,000 £t

e > 10°, L/W < 0.5,

R

Rmax’ min

e >10° R .

n
[+ ]
e > 10 ,Le:>57 s Rmax

o
€>10°% R, R,

2>57°, lack of
speed advantage

€>10", Rmin’ Rmax
e>1l0, Aa > 57
e>10, la > 57

e > 10°, A, > 57°, R,

20

Successful pull-ups
from differential alti-
tudes of 50,000 ft

Marginal zone avallable
Pull-up zcne available

Successful pull-ups
from differential alti-~
tudes of 50,000 ft

No puvil-up capahility

Large pull-up zone
available

Iarge pull-up zone
available

large pull-up zone
availaole

Iarge pull-up zone
available

CONFIDENT TAL
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Interceptor Initial Target

TABIE II (cont)

Primary Reasons for
Failure

Comments

Velocity Aspect Angle
at Pull-up (o)
Vﬁax 120
o
Viax 150
[+
Voax 180

e >10° 1 > 57°

o

€ >10°, hg > 57

R ax? Rmi

max n

o

min

21

Iarge pull-up zone avail-
able; penetration dis-
tances excessive

Large pull-up zone avail-
able; penetration dis-
tances excessive

Iarge pull-up zone avail-

able; penetration dis-
tances excessive
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Effect of Steering in Azimuth-Only Between lock-on Range eand Pull-up Renge

The preceding section presented the results of pull-up attacks made
under "ideal" conditions. The attack doctrine used was that the inter-
ceptor flies & collision course between lock-on range and pull-up range.

It is now of interest to investigate the effect on pull-up capability
resulting from chenging this doctrine to one where the pilot steers in
azimuth-only between lcck-on and pull-up. Sample pull-up runs, which

have been presented previously on Figs. 8, 1k and 17 were rerun using

the steering in azimuth-only doctrine. These results are shown on Table III.
The first run given on Table III corresponds to one given previously on

Fig. 8, the second two runs correspond to runs given previously on Fig. 1k,
and the last two runs correspond to runs given previously on Fig. 17.
Referring to the results, it is seen that steering in azimuth-only does not
solve the problem., In those cases vhere Ag was the limitation, this restric-
tion was rcmcved but new ones, such as ), and excessive error (¢), were
introduced. In genersal, steering in azimuth-only also causes the intercep-
tor to be drawn around toward the tail of the target. This results in the
interceptor being unable to close to Rmax. Based on this limited look at
the problem, one would guestion whether steering in azimuth-only is of any
value as a tactical doctrine. Additional investigation of this problem

will be discussed later in this report.

Remaining Study

The preceding secticns described additional study effort beyond that
presented in previous volumes on pull-up attacks under ideal conditions.
The results presented along with those presented in Volumes I and IIT of
this series should give the reader a good overall picture of system pull-
up capasbility under these "ideal" conditions. No further study effort
is intended for this phase.

PHASE III - FP4H-1 WEAPON SYSTEM PERFORMANCE UNDER EXPECTED TACTICAL
CONDITIONS ~ XN-2 RADAR

Probability of successful arrival to missile launch results vhen the system
is employing the XN-2 radar have been presented previously in Volumes I
and ITI of this report. These results have covered the co-altitude and
pull-up attack cases. No further study of the system employing this
unimproved radar is anticipated. Thus, this phase of the study is con-
sidered completed.

22 CONFIDENT IAL
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PHASE IV - SYSTEM PERFORMANCE UNDER EXPECTED TACTICAL CONDITIONS - AN/APQ-T72
(XN-3) RADAR

The preceding sections have extended the deseription of results for
the "ideal" situation given previously in Volumes I and III of this series.
The results given represent the best that one would hope to achleve with a
high probability of success when certaln sources of error are neglected.

It is now of interest to look at the degradation resulting lrom a more
reglistic tactical situation. The degrading factors which have been con-
sidered in the study program are:

1. Vectoring accuracy

2. Target maneuver

3. Weather

k. Countermeasures agains the airborne weapon system
5. Limits imposed by interceptor tactics

(a) climb capability
(v) endurance
(c) dead time

Primary emphasis will be placed on items 1, 2, and 5 in the remainder of
this report.

The input conditions, as related to vectoring accuracy, are the same
as those used in preceding volumes of this study. The vectoring accuracies
which havebeen used throughout the Navy's Alr to Air Missile Study are:

l og=%3naut mi - azizuth
lo=4%3 naut mi - range
1 og=1%1naut mi - altitude

Probability of Successful Arrival to Missile launch - AN/APQ-72(XN-3) Radar

In Volume III of this series, the resulting proability of successful
arrival to missile launch for co-altitude attacks occurring at 50,000,
30,000, and 1000 ft altitude were given. The study at that time was re-
stricted to head-on, T4 = 30° and 60° interceptor approach courses. The AT
radar 85% probability of detection was 19 naut mi head-on. The gimbal
limits used were * 57° in azimuth and elevation. The vectoring accuracy
was 1 ¢ = * 3 paut mi in azimuth end range, and * 1 naut mi in elevation.
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The criteria for success was that the interceptor must be able to reduce

the initial heading errors to €< 10° hetween Rpax and Rpin of the missile.
Once the missile is launched it is assumed to behave perfectly. The actual
aerodynamics of the missile will be considered in a later phase of the
study. The interceptor is vectored on & pure collision course and continues
to fly this pure collision course until lock-on range. Maneuvers are re-
stricted to 3g's or Clmax®

The results presented here are a crntinuation of the results pre-
sented in preceding volumes. The 30,000 ft altitude attack is examined in
detail around-the-clock. Figure 35 shows the resulting probability curves
for two speed conditions -- Vqp/Vp = 1.0 and Vp/Vp = 0.8 where Vp = M 1.91. Ex-
amining the curve for Vp/Vp = 1.0 it is seen that the probability of suc-
cessful arrival to micsile launch is 75% head-on. The probability rises
slowly to 87% at 30°. Beyond 45° the probability drops sharply. The
reason this occurs is that gimbal angle problems are encountered and the
interceptor lacks & speed advantage.

When target speed is reduced so that the speed ratio (VT/VF) equals 0.8,
the probabllity of successful arrival to missile launch is uwniformly high
around the clock. However, penetration problems are ignored in the results
presented on Fig. 35. This will be discussed in later sections of this
volume. Referring to the cuwve lor Vip/VF = 0.8, it is seen that the proba-
bility of success is 85% for the head-on case (primary limit is lack of
time). At 45° initial aspect angle, the probability of success is 97%.

At 75°, the probability is reduced to 82% because of gimbal angle problems.
Beyond 120° initial aspect angle, the probability is 100% if penetration
is lgnored.

Probability of Successful Arrival tc Missile launch - AN/APQ-72(XN-3)
Radar - Maneuvering Target

The results of a preliminary investigation of the effects of target
maneuvers on probability of successful arrival to missile launch was pre-
sented in Volume IIT of this series. The study at that tir> was limited
to initial aspect angle approaches of 1, = 0° to 1, = 60°, This volume
extends these results to include around the clock attacks. The attack
altitude is 30,000 ft. At lock-on, the target starts maneuvering. This
maneuver consists of a 1 g lateral turn (L/W = 1.41h4), which crisscrosses
the desired flight path, with a maximum deviation of target heading from
this path of 30°. The resulting effects of target maneuvers on probability
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of successful arrival to missile launch in co-altitude attacks is com-
pared with the resulis presented previously for the nommansuvering
target by the three curves on Fig. 36. These results ave for the cases
of Vp/Vp = 1.0. When the speed ratio is reduced to Vp /V = 0.8, the
results are as shown on Fig. 37. Referring to these figures, it is
seen that the degrading effect of the target maneuver studied is negli-
gible. Table IV summarizes the probability of successful arrival to
missile launch studies for co-altitude attacks against meneuvering and
nonmaneuvering tarvgets,

Probability of Successful Arrival to Missile Iaunch - AN/APQ-72(XN-3)
Radar - Penetration Effécts Considered-

On Figs. 35 thru 237, the resulting probability of successful arrival
to missile launch versus Initial target aspect angle (To) for co-altitude
attacks against both maneuvering and nonmsneuvering targets were presented.
However, target penetration effects were ignored. It is now of interest
t0 determine what reduction in probability of successful arrival to mis-
sile launch occurs when penetration effects are considered. In Volume IIT
the targét penetration problem was examined, Variables considered were
initial search radar range, system dead time, and speed ratio. The fol-
lowing is intended as a continuation of this study as applied %o the
probability of successful arrival to missile launch. The assumptions
made are:

1. Initial target detection by AEW of surface search radar occurs
at 300 naut mi from fieet center. 1In terms of capability available to
date this range appears optimistic.

2. System dead time petween initial target detection and the
initial vectoring ccnmand %o tne interceptor is 3 minutes. Again, in
terms of current capability this number appears to be optimistic.

3. The interceptor is on CAP at 100 naut mi from fleet center
under cruise conditions. Acceleration toward Vpgy commences with vec-
toring.

4. The target carries 100 naut mi air to surface missiles. Thus,
the minimum range at which the target must be shot down is 100 naut mi
from fleet center.

5. During the vectoring phsse the interceptor is restricted to
2g turns to reduce slowdown effects.
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TABIE IV
PROBABILITY OF SUCCESSFUL ARRIVAL TO MISSIIE

LAUNCH - CO-ALTTTUDE ATTACKS (30,000 FT) -
MANEUVERING AND NONMANEUVERING TARGETS

Interceptor| Speed | Aspect|Probability of Suceessful Arrival to Missile Iaunch (%)
¥§igﬁ%ty 3&?%0 Aggle Nonmaneuvering ( Initial Maneuver | Initial Maneuver
™R (Dgg) Target . to the Right to the left
1.91 1.0 0 75 Te 72
15 8L 81 87
30 87 79 90
hs5 86 86 88
60 8 8 8
75 0 0 0
90 0 0] 0
120 0 0 0
150 o) o 0
180 0 0
0.8 0 85 82 82
15 93 91 95
30 9z 87 oL
L5 o7 95 S
60 89 89 89
75 82 82 82
90 91 91 91
120 100 100 100
150 100 100 100
180 100 100 100
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Figure 38 shows the resulting probability of successful arrival to
missile launch versus initial target aspect angle (To) when target
penetration is considered for two speed ratios (Vip/Vp = 1.0 and 0.8).
Referring to tie curve for VT/VF = 1.0 and comparing these to the
corresponding results on Fig. 35 it is seen that penetration effects
are negligible. The resson for this is that other parameters are the
limiting factors (gimbal angle and lack of a speed advantage). In
effect, for attacks occurring at To = 60° and larger, the target would
reach the minimum range (its own weapor release range) whether pene-
tration problems are considcred or not fince the intercepitor does not
have a speed advantage.

When the speed ratio is reduced to Vp/Vp = 0.8, the results, if
penetration elffects are considered, are as shown by the second curve
on Fig. 38. Comparing this curve to the one given previously on Fig. 35
it is seen that around to aspect anglesof 60° the results are essen-
tially the same. However, from 60° aft the probability of success draps
rapidly to zero. This is because the interceptor is pulled around onto
a tail sttack, thus large distances are involved in overtaking the target.

The resulting probability of successful arrival to missile launch
for co-altitude attacks against maneuvering targets when penetration
distances are considered &s shown on Figs. 3G and 40, Tables V and VI
show a comparison of the co-altitude attack probability of successful

arrival to missile launch results.

Probability of Successful Arrival to Missile launch - AN/APQ-T72{XN-3)
Radar - Pull-up Attacks

The next phase of the study is that of probability of successful
arrival to missile launch for pull-up attacks. 1In preceding wvolumes
of this report this phase of the study was restricted to head-on pull-
up attacks. The results detalled in this volume extend the results
presented previously to include around the clock attacks., The 85%
provabllity of detection of the AI radar corresponds to that of the
AN/APQ—TE(XN-3) radar, and is 19 nsut ni against a 3«47 size, high-speed,
head-on target aspect. The gimbal limits are * 57" in ezimuth and ele-
vation, The vectoring distribution is the same ss that used previously,
1l o =% 3 navt mi in azimuth. It is assumed thst CIC is attempting to
vector the interceptor on a pure collision course in szimuth and the
vectoring inaccura<ies are normally distributed about this pure collision
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TABLE V

COMPARISON OF PROBABILITY OF SUCCESSFUL ARRIVAL

TO MISSIIE LAUNCH - NONMANEUVERING TARGET - CO-

ALTTTUDE ATTACKS (30,000 FT) - WITH AND WITHOUT
TARGET PENETRATION CONSIDERATIONS

Tnterceptor Speed | Aspect Probability of Successful Arrival to
Velocity Ratio | Angle Missile Iaunch (%)
(Mach) VT/VF (Egg) Penetration Not [ Penetration
B el Considered Considered
1.91 1.0 0 75 75
15 8L 8h
30 87 87
45 86 86
60 8 0
75 0 0
90 0 o
120 0 0
150 0 0
180 O 0
0.8 0 85 85
15 93 93
30 92 92
45 97 97
60 89 89
5 82 7
90 9l 0
120 100 0
150 100 0
180 100 0
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TABLE VI
COMPARISON OF PROBABILITY OF SUCCESSFUL ARRIVAL TO MISSILE

IAUNCH - MANEUVERING TARGET - Co-ALTITUDE (30,000 ft) ATTACKS
WITH AND WITHOUT TARGET PENETRATION CONSIDERATIONS

Intercep- | Speed | Aspect | Probability of Successful Arrival to Missile Iaunch (%)
tor Veloc.| Ratio | Angle Penetration Not Considered | Penetration Considered
(Mach) VT/VF (deg) Initial Initial Initial Initial
Maneuver Maneuver Maneuver Maneuver
o to Right to Left to Right to Leit
1.6 1.0 0 72 72 T2 T2
1.61 1.0 15 81 87 81 87
1.91 1.0 30 79 90 79 90
1.91 1.0 L5 88 88 88 79
1.91 1.0 60 8 8 8 0
1.91 1.0 75 0 0 0 0
1.91 1.0 90 0 0 0 0
1.91 1.0 120 0 4] 0 0
1.91 1.0 [150 0 0 0 0
1.91 1.0 |180 o o 0 0
1.91 0.8 0 82 82 82 82
1.91 0.8 | 15 91 35 91 g5
1.91 0.8 30 87 9l 37 ol
1.91 0.8 ks 95 97 95 971
1.91 0.8 | 60 & 89 89 8
1.91 0.8 75 82 82 32 T
1.91 0.8 | 90 91 91 0 )
1.91 0.8 1120 100 100 0 0
1.91 0.8 [150 100 100 0 0
1.91 0.8 |18 100 100 o 0
CONFIDENTIAL
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course, No corrections &re made in altitude or azimuth until AT radar
lock-on (10 secs after detection). Upon lock-on the interceptor starts
an immediate 3g pull-up until it is on & lead pursuit course. The
criteria for success is that the error can be reduced to 10° or less
between the Bpgy or Rpin boundary without a requirement of load factor
exceeding 3 or Cpp.., the gimbal angles of the AI radar are nol exceeded
and a minimum recovery of L/W = 0.5 is encountered. The resulting proba-
bilities of successful arrival to missile launch versus fighter alti-
tude at which the pull-up was initiated are shown on Figs. 41 thru 7h.

A summary of these results are given on Table VII., Referring to this
table, it is seen that the results are presented in families (separated
by heavy lines). Within these families the fighter speed, target alti-
tude, and target velocity are the same for all cases examined. The
families are further subdivided into groups (separated by dashed line).
Within these groups, the initial target aspect angles are the same for
all runs examined. These groups are numbered IA, IB, IC..,.IIA...efc.

Jt is now of interest to examine several of these groups. Referring
to group IA, it is seen that in head-on pull-up attacks the probability
of successful arrival to missile launch against this high speed target
flying at 65,000 ft is unacceptable for the cases when the interceptor
initistes pull-up from altitudes below 50,000 ft. If, for the moment,
we assume that the missile will have a resulting probability of 72%,
that it will successfully guide and fuze (85% for guidance; 85% for
fuzing) and that the overall desired or acceptable system probability
of kill is 50%, then the probability of successful arrival to missile
launch must be

0.50 * 0.72 = 0.695 or 69.5%
For this condition even pull-ups from 50,000 ft are unacceptable.

Referring to group IC, when the target is flylng at 65,000 ft under
M 2.0 conditions, and the initial approach aspect is 30° off the nose
of the target the probability of successful arrival to missilc launch
is unacceptable for all cases where pull-up is initiated from altitudes
belov approximately 45,000 £t if the criteria as above is used.

As has been stressed in the past volumes, the model selected is

subject to "breakdowm" under particular and in most cases unusual situa-
tions. BExamples of such a situation are shown on Figs. 71 and 72.
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TABLE VII

PROBABILITY OF SUCCESSFUL ARRIVAI TO MISSILE

LAUNCH - FU

v TIT
LL=ur

ATTACKS

Groups| Intercep~ [ Initial [Target [Terget| Initial] Probabil-|Primary Reasons
tor Veloc.| Intercep-|Altitude| Veloc.| Target | ity of For Failures
tor Alti- Aspect | Success-
tude (Mach)| Angle | ful Arrivi
Ptx20°) |Fex103) T al to
o] .
Missile
(deg) Taunch
(%)
Vrmax 20 65 2 |Head-on | 10 e >10°
VFmox 30 65 2 [Head-on 22.5 e >10°
IA Vimasx Lo 65 2 |Head-on | k40 ¢ >10°
VFmax 50 65 2 |Head-on | 61.5 e >10°
VFmax 58 65 2  |Head-on | 75 e >10°
VFmax 10 65 2 15 0
T T T [Vpmax | 20 T& T 2155 7|7 37 Te>10°, »s7°
L/W <0.5
IB VFmax 30 65 2 15 12.5 e 10°,>57°
VEmax 40 65 2 15 28 e >10°
VFmax 50 65 2 15 46.5 e >10°
VFmax 58 65 2 15 8 e >10°
—— e e - - -
VFmax 10 65 2 30 0 > 570 s Rma_x
VEmax 20 65 30 51 €>100, A>5T°
Rmax
IC | Vrmax 30 85 30 53 e >10°, 1>57°
Vimax 40 65 2 30 63.5 e >100, »>57°
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TABLE VII (cont.)

Groups| Intercep-| Initial Taxget | Target | Initiel|Probabil- Primery Reasons
tor Veloc Intercep-| Altitude| Veloc. | Target ity of For Failures
tor Alt- Aspect |Success-
itude (Mach} | Angle {ful Arriv-
(Fex103) | (Ptx103) To al to
(Deg} |Missile
Launch
(%)
VFmax 50 65 2 30 78.5 e >10°,2>57°
VPmax 58 65 2 30 88 € >100,3>57°
VFmax | 10 6 T 2 T T 0T TS0, Ry
VFmax 20 65 2 45 46 2>57°, Byay
D Veoax 30 65 2 L5 75.5 A>579 Ryos
VFmax Lo €5 2 45 86 A>57°
Vepax 50 65 2 b5 86.5 A>57°
VFmax 58 65 2 b5 59 A>5TO
VeEmax 20 65 2 60 0 A>570, Byax
IE VPmax 30 65 2 60 2g 2579, Rpax
VFrnax Lo 65 2 60 25 >570, Rmax
VFmax 50 65 2 60 25 A>579, Ryay
Vemax 58 65 2 60 0 257°%; Rpax
—_——_ 1 — e = — e e o — e
va&X 10 65 2 T0 C > 5703 Rma,;::
Vimax 20 65 2 70 0 2579, Ryax
VFmax 30 65 2 [0 8.5 3>57°, Rusx
IF
VFmax ko 65 2 70 8.5 2570, Ruay
VFmax 50 65 2 70 8.5 X579, Rpay
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TABLE VII (cont.)

Groups | Intercep~ | Initial |Target Target Initial [Probebil~| Primary Reascns
tor Veloc.| Intercep~| Altitude|Veloc.| Target [1ty of For Failures

tor Alt- Asypect [Success-
itude (Mach)| Angle |ful Arrivk
(F£x103) | (Ptx103) T, al to
(Deg) [Missile
Launch

N 4: (#)
58 65 2 70 0 2579,

VFmax Rex
—— SR T
M 0.9 25 65 2 10,15,30 0
11A M 0.9 30 65 2 ]0,15,30 0
M 0.9 Lo 65 2 ]0,15,30 0
M 0.9 50 65 2 ]0,15,30 0
M 0.9 55 65 2 10,15,30 0
Vimax 0 65 1.6 |Head-on 0 2»>57°, Rpax
VPmax 10 65 1.6 [Head-on 3.5 2»57°%, Rpax
L/w <0.5
VEmax 20 65 1.6 |Head-on | L5 ¢>10°%, Riax
Vimax 20 65 1.6 |Head~on 32 ¢ > 10°
HIA | emax 40 65 1.6 {Head-on | U3.5 € > 100
VFmex 50 65 1.6 |Head~on €1 € > 10°
VFmex 58 65 1.6 |Hesd-on 80 € > 10°
T T [emx | o [ 6 | 16| 3 | o [55Rume
L/w <0.5
IIIB | VEmax 10 65 i.6 15 23 2>57%, Rypaxcs
L/y < 0.5
VFmax 20 65 1.6 15 56 €>10°,1/4<0.5
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TABLE VII {cont.)

Groups| Intercep-~ |Initial |Target |Target | Initial|Probabil- |Primary Reasons
tor Veloc.|Intercep-|Altitude|Veloc. | Target |ity of For Failures
tor Alti- Aspect |Success-
itude (Mach) | Angle |ful Arriv-
(Fex103) | (Pex103) 1o |al to
(Deg) |Missile
Launch
(%)
S ——==ﬁ=;
Vimax 30 65 1.6 15 36 e > 10°
VEmax o) 65 1.6 15 43.5 € > 10°
VFmex 50 65 1.6 15 67 € > 10°
ViPmax 58 65 1.6 15 91 € > 10°
_ e —_ 4 L | - | =
Vimax 0 65 1.6 30 0 »57°%, Ry
IIIC VFmax 10 62 1.6 X 30 M57% Bay
VFmax 20 65 1.6 30 8o €109, L/y<0.5
VFmax 30 65 1.6 30 69 € > 10°
VEmax 4o 65 1.6 30 73 € > 10°
Vrmax 50 65 1.6 30 82 € > 100
VFmax 58 65 1.6 30 91.5 €> 10°
— 4+ — A S R ([
Vrmax 0 65 1.6 45 0
11 Vimax 10 65 1.6 L5 0 2>57°, Rpax
D
Vimax 20 65 1.6 45 91 A>57°, Riox
VFmax 30 65 1.6 Ls 95.5 A>57°, €109
Vrmax %o 65 1.6 b5 95.5 >57°, e>10v
YFmax 50 65 1 1.6 s 96.5 x> 57°
Vimax 58 65 1.6 hs 9L x> 579
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TABIE VII (cont.)

Groups! Intercep- |Initial {Target Target. | Initial} Probabil- |[Primary Reasons
tor Veloc.iIntercep- [Altitude Veloc. |Target | ity of For Failures
tor Alti- Aspect | Success-
tude 3 (Mach) |Angle | ful Arrivi
(F6x107) |(Fex107) To al to
(Deg) |Missile
Launch
(%)
VFmax 0 65 1.6 60 0
VEmax 10 65 1.6 60 0 2579, Ryex
IE
11 VFuax 20 65 1.6 | 60 50 M>57°, Rpax
VEmax 30 65 1.6 60 87 A > 57°
VFM&X Lo 65 1.6 60 91 A > 570
Vrmax 50 65 1.6 60 92 A > 570
Vimax 58 65 1.6 60 66 ;\>57°,Rm ax
— _
VPmex 0 65 1.6 75 0
IT VFmax 10 65 1.6 5 0
F
VFmax 30 65 1.6 | 715 0 2>57°, Rpoy
VFmax Lo 65 1.6 |75 8 2>57°%, Rpax
VFmax 50 65 1.6 |75 8 2>57°, Rpax
Vimax 58 65 1.5 |75 0 257, Rpax
——— —— [ —— [US— }_ [ —_——— —— e— ——— p—— — — —_— ——— —— — —
VFmax 0 05 1.6 | 82 0
Vimax 10 65 1.6 |8 0
I1IG
VEmax 20 65 1.6 82 0
VFmax 30 | 65 1.6 |8 0
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TABLE VII (cont.)

1
Groups| Intercep~ { Initial |Target |Target|{Initial|Probabi-] Primary Reasons
tor Veloc.| Intercep-|Altitude|Veloc.|Target | 11ty of | For Fallures
tor Alti- Aspect | Success-
tude |(Maeh) g e | ful A
(Ftx103) |(Ftx107) To zival to
, (Deg) |Missile
Launch
(%)
Vemax e 65 1.6 | 8 b5 | 2>57°, Rpax
Vrmax 50 65 1.6 82 .5 2>57%, Rpax
Vimax 58 65 1.6 82 0 2>57°%; Rpax
VFmax 58 65 1.6
e . 50 65 1.6
o _‘v;Fmax I Eﬁl_ —65 - .1.06
III-I
Vinax 50 65 1.6 0
m%
M 0.9 30 65 1.6 3
VA | yo.9 4o 65 1.6
MO0.9 55 65 1.6
VA Vimax 20 50 2.0 |Head-on| 46 fGI> 10°
Vrmax X 50 2.0 |Head-on| 65 ;s>-1o°
Vemax ko 50 2.0 |llead-on| 75 €> 10°
Vemas 50 50 2.0 |Head-on| 75 e> 10°
—_—— e — | = : e ———t— — A — — —
Vrmax 10 50 2 15 15 >57°%, Rpax
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TABIE VII (cont.)

Groups| Intercep- | Initial |Target |jTarget {Initial|Probabil-|Primary Reasons
tor Veloc.| Intercep-|Altitude|Veloc. |Target |ity of For Feilures
tor Alti- (Mach) Aspect }Success-
tude 3 Angle ful Arrivy
(Ftx10°) | (Fbx103) T, |al to
(Deg) |Missile
Launch
(%)
V¥max 20 50 2 |15 3h ¢ > 10°
VB
VFmax 30 20 2 15 39 e > 10°
VFmax 'y 50 2 (15 62 e > 10°
VFmax 50 50 2 |15 8k ¢ > 10°
B U B S AU, S
)
Vemax 10 50 30 1 5T, anax
Vimax 20 50 2 |30 68.5 €>10%,2>570,
Rpax
Ve VFmax 30 50 30 67 € >107,2>57°
Vimax ko 50 30 78,5  |€>10°,2>57°
VPmax 50 50 30 89 € > 10°
VFmax 10 50 2 |45 0 2>57°, R
VD o _hex
VFmax 20 20 2 L5 29.5 A>5T"5 Rpex
VFmax 30 50 2 L5 8l A >57°
Vrmax ko 50 2 ks 87 x> 57°
VFmex 50 50 2 |5 87.5 A > 57°
Vimex 10 50 2 |60 0
VF V 20 =70
Fmax 50 2 60 0 Y- SY A Roax
Vv
Fmax 30 50 2 €0 25 M5T°, Ryax
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TABLE VII (cont.)

Groups | Intercep~ | Initiel |[Target |Target]Initial} Probablil- Primary
tor Veloc.| Intercep-|Altitude|Veloc.|{Target | ity of .Reasons
tor Alti- Aspect | Success- For
tude 3 3 (Mach)|Angle |ful Arriv+ Failures
(F4x10~°) | (Fx207) T, al to
(Deg) |Missile
Launch
(%)
Vimax 40 50 60 25 2>57°, Rpax
VFmax 50 50 2 60 25 2>57°, Rpax
RN U P T = e e mam}  m— e —
VFmax 10 50 2 70 0
VE ! Vrmax 20 50 2 70 0 257°, Ryax
VFmax 30 50 2 70 8 M57°%, Ruax
Vemax ko 50 2 70 8 »57°%, Rpax
VEmax 50 50 2 70 8 257°, Rpax
M 0.9 20 50 2 15 10 257°, Ryays
VIA L/y < 0.5
M 0.9 30 50 2 15 52 >57°, L/W<0.5
M 0.9 Lo 50 15 81 € > 10°
M 0.9 50 50 2 15 7 e>10°
M 0.9 30 50 2 30 0
VIB Imo.9 40 50 2 30 0

M 0.9 50 50 2 30 0
6 |Head~-on 0

VFmax 0 50 1. 2>57°%, Rpax

L/ 0.5

VFmax 10 50 1.6 |Read-on| 80 e>10% R .
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TABLE VII {cont.)

Grougs Intercep- Initial |[Target |Target{ InitialjProbabil- Primary
tor Veloc.] Intercep-|Altitude] Veloc.} Target ity of Reasons
tor Alti- Aspect }[Suecess- For
tude 3 3 (Mach){ Angle }ful Arriv-| Failures
(Ftx107) | (Ftx10”) Ty al to
(Deg) |Missile
Launch
(%)
Vinax 20 50 1.6 Heed-on | 56 e > 10°
v
IR Vegex 30 50 | 1.6 Hesd-on | 61 e > 10°
VEmax Lo 50 1.6 Head-on | T6 € > 10°
VFmax 50 50 1.6 Head-on | 84 € > 10°
VEmax 0 50 1.6 |15° Lo 2579 R oy
L/W< 0.5
VFmex 10 50 1.6 [159 82 € >109,2>57°
Ryax
Vimax 20 50 1.6 | 150 60 €> 10°
v
1B Vimax 30 50 1.6 |15° 66 e> 10°
VFmax 4o 50 1.6 |15° 81 €> 10°
Vimax 50 50 1.6 [215° 90 e> 300
virc VFmex 0 50 1.6 |30° k1 2>57%, Rygy
Vimax 10 50 1.6 |30° 89 M5T°, Ry
Vimax 20 50 | 1.6 |30° 82 ¢> 10°
Vimex 30 50 1.6 |30° 8L ¢> 10°
Vimax 4o 50 1.6 |30° 89 e> 10°
Vemax 50 50 1.6 }30° 91 e> 10°
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TABLE VII (cont.)

Groups| Intercep- | Initial |Target | Target|{InitialjProbabi- Primary
tor Veloc.} Intercep~jAltitudeg Veloc.|Target  1lity of Reasons
tor Alti- _ Aspect | Success- For
tude 3 3 (Mach) |Angle | ful Ar- Failures
(F+x107) | {Ftx107) Ty rival td
{Deg) |[Missile
Launch
(%
VEmax 0 50 1.6 L5 0 2>57%, Rygx
Vemax 10 50 1.6 L5 37 2>57°%, Rpax
VIiD o)
VEmax 20 50 1.6 L5 9k A > 57
VEnax 30 50 1.6 45 86.5 J>10°,2>57°
VEmax Lo 50 1.6 45 88 x> 57°
VFmax 20 50 1.6 45 97 A > 570
— — — —_— 4— e ———— — —
VEmax 0 50 1.6 60 0
Vemax 10 50 1.6 60 9 2>57% R
VFmax 20 50 1.6 | &0 5 A > 57°
VIEE | yorex 30 50 1.6 | 60 88 x> 57°
VFmax ) 50 1.6 60 g2 A > 57°
Vimax 50 50 1.6 60 89 A > 57°
VF‘max o 50 106 75
. VFmax 10 50 1.6 75 2>57°%, Rpax
IIF VEmax 20 50 1.6 75 50 A > 57°
Vemox 30 50 1.6 75 76 A > 57°
Vipax 4o 50 1.6 |75 82 A > 57°
Vimax 50 50 1.6 75 82 x> 57°
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TABLE VII (~-nt.)

Groups| Intercep- [Initial | Target | Target|Initial|Probabil- Primary
tor Veloc.|Intercep- Altitude| Veloc.|Target {ity of Reasons
tor Alti- Aspect |[Success- Fox
tude 3 3 (Mach) |Angle |ful Avriv-| Failures
(Ftx10”) {Fxl0”) T, al to
(Deg) |Missile
Launch
(%)
Vimax 0 50 1.6 90 0
Vinax 10 50 1.6 90 0 2>57°, Ry
(o]
Vinax 20 50 1.6 90 25 257 5 Ryax
VFnax 30 50 1.6 90 75 > 57°
VIG ) yomax 10 50 1.6 90 91 A > 570
Vrmax 50 50 1.6 90 gl L > 579
— _‘L_ -
‘rrFmX 0 50 106 120 0
VFmax 10 50 1.6 120 0 Rpax
VIR ) oy 20 50 (1.6 | 120 79 A > 570
Vemax 30 50 1.6 120 99 A > 57°
Vimax 40 50 1.6 120 100
—— _‘__ — — — —— —— —_—
VFmax 0 50 1.6 150 0
v 10 50 1.6 150 0 R .
vIr-r | TmeX max
Vomax 20 50 1.6 150 100
VFmax 30 50 1.6 150 100
Vemax T 50 1.6 150 100
Vimax 50 50 1.6 150 100
.
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TABLE VII (cont.)

Groups | Intercep~ | Initial |[Target |[Target|Initial] Probablil-| Primary
tor Veloc.| Intercep-[Altitude|Veloc. |Target | ity of Reasons
tor Alti- Aspect | Success- For
tude 3 3 (Mach)|Angle | ful Arriv-{ Failures
(F£x107) | (Ftx10”) T, al to
Missile
Launch
(%)
M 0.9 10 50 1.6 15 b5 >57°%5 Rpox
L/W< 0.5
viTIa | M 0.9 20 50 1.6 15 68 /W < 0.5
M 0.9 30 50 1.6 15 88 L/y < 0.5
M 0.9 40 50 1.6 15 96 e > 10°
M 0.9 50 50 1.6 15 92 e > 10°
M 0.9 10 50 1.6 30 1.5 2577, Ry
M 0.9 20 50 1.6 30 b1 2>57%, Ry
VILB 1 yo0.9 30 50 1.6 | 30 b1 X>57°, Ry
M 0.9 40 50 1.6 30 41 2>57%, Ryax
M 0.9 50 50 1.6 30 L8 x> 57°
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Referring to the pull-up runs initiating from 10,000 ft altitude it is
seen that the interceptor was unable to close to Ry,«. The reason for
this is that pull-up was initisted from radar lock-on and the inter-
ceptor continued to pull up as long as possible, regardless of slowdown
effects. If penetration effects are ignored, the interceptor could

climb, for instance, to 40,000 ft, level off, and close to Rygx. However,
if penetration effects are considered, the resulting probability of suc-
cess s5till would be very low.

Effect on Pull-Up Cepability of Steering in Azimuth-Only and Delaying
Pull-Up

The criteria that has been used throughout the study of probability
of successful arrival to missile launch in pull-up attacks are:

l. The interceptor is vectored on a pure collision course and con-
tinues to fly a pure collision course until lock-on.

2. All pull-ups are initiated at lock-on.

Previously, under the section on pull-up attacks under "ideal" conditions,
& preliminary study of the effect of steering in azimuth-only after lock-
on was made, which showed no improvement in pull-up capability. Referring
to the results of probability of success in pull-up attacks given on

Table VII, it is observed that on many runs a failure resulted because

the interceptor failed to close range to Rygx. The question immediately
arises as to what would happen if the pilot steered in azimuth-only after
lock-on and delayed pull-up until a range consistent with the snap-up
range equation proposed by Raytheon is reached. The snap-up equation

is given by

R =R + 10 V_ - 6000
su max o}
RSu = Snap-up range in feet
Rmax = Maximum aerodynamic range of the missile in feet
V, = Closing velocity in feet/sec

This steering in azimuth-only until R_  criteria will be used on a selected
number of runs from three aspect angles to determine its effect on proba-
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bility of successful arrival to missile launch in pull-up attacks. To
aid the reader, a picture of the probability grid used to get the result-
ing probabilities of Table VII, is glven on Fig. 75. The center line
corresponds to the initial aspect angie to which the fighter direction
center attempts to vector the interceptor. About this center line there
is a distribution in azimuth associated with the vectoring inaccuracy
and a distribution in range assoclated with the probability of lock-on.
The weight of the individual boxes is the product of the zorresponding
weight of the appropriate row and column. Pull-up runs from boxes in
this grid at three different aspect angles (To) were examined using

the criteria of steering in azimuth-only until Rgy. The results are
given on Table VIII. The initial conditions are given by the first six
columns of this table. The first four runs on the table are from the
probability grid associasted with the point on Fig. 53, and with Group III-F
of Table VII where the fighter pulls up from 50,000 ft altitude. Examina-
tion of the runs in the probability grid when the interceptor pulls up at
lock-on gives the results shown in Column 7 of Table VIII. When the in-
terceptor employs steering in azimuih-only and delaying pull-up, the
results of Column 8 of Table VIII are obtained. Comparing the first

four values in each of these columns, it is seen that the doctrine of
steering in azimuth-only until Rg does not 1mprove the situation. In
fact, those runs which failed using the criteria of pulling up at AT
lock-on renge were more of a failure when the criteria of steering in
azimuth-only until Rgy was employed. Detailed examination of these

runs reveals that steering in azimuth-only lengthens the flight path

of the interceptor by drawing him further toward the tail of the target.
Interceptor slowdown effects are greater and the interceptor is unable

to close range to Rgy (snap-up range). Comparable results are shown for
the case of Tg = 90 and 120°,

The results of preliminary investigatlions of the effect on pull-up
attacks made under ideal conditions of steering in azimuth-only were given
previously. This section shows the results on pull-up attack probability
of success of steering in azimuth-only and delayed pull-up. Based uapon
the resulis obtained under these two different pull-up conditions, it is
concluded that steering in azimuth-only results in a degradation of pull-
up capabllity. It is better for the interceptor to continue on the
vectored course until pull-up.
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Effect on Pull-up Capability of Delaying Pull-ups

In the sbove section 1t was shown that steering in azimuth-only and
delaying pull-up until the range defined as Rgy 1s reached does not im-
prove pull-up capability. In fact, the situation is degraded. However,
the primary cause of degradation was steering in azimuth-only. It is
now of interest to try another criteria and investigete the resulting
«ffect on pull-up capability. The interceptor will continue to fly the
vectored pure collision course, but pull-ups will be delayed until the
range corresponds to

R = R + 10 V_ - 6000

su max ¢
Two situations were investigated and the resulting probability of success-
ful arrival to missile launch was compared with the results obtained pre-
viously when the interceptor pulls up at lock-on. This comparison is
shovn on Figs. 76 and 77. The conditions of Fig. 76 are that the target
is flying at 65,000 ft at M 1.6, and the interceptor 1s flying at Vpax

and initistes pull-up from 50,000 ft altitude. Curve A shows the result-
ing probability of successful arrival to missile launch as a function of
relative angle off target's nose (initial target aspect angle To) for
the case where the interceptor pulls up at lock-on. This curve is a
cross-plot of information presented previcusly. When the interceptor

does not pull up until Ry, is reached, the results are as shown by Curve B.
It is seen that for initial target aspect angles greaster than 60° there

is an improvement in probability of successful arrival to missile launch.
In fact, the improvement is largely in the region of 90° (from 0% to 4l1%).
This improvement results from the fact that by 8Belaying the puli-up the
effect of interceptor slowdown is not as great and the range can be closed
t0 Rpgx. Beyond 100°, the probability is still zero because of a lack of
speed advantage. 'The line drawn between 390° and 100° is shown dashed
because the exact point where the probability returns to zero Is not known
(runs not made).

Comparable results for the case when the interceptor initiates
attacks from 30,000 ft are shown on Fig. T77. For this case there is no
change in probability of success when pull-up iy delayed.

The improvement shown on Fig. 76 resulting fran delayed pull-ups,
indicates that there is an advantage to be galned. Further study is
needed to determine the full extent of the improvement and if the cur-
rently defined Rgy is optimum.
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Remaining Study

There are areas where additional analyses are needed to allow more
conmplete definition of the performance of the improved system. Among
these are:

1. Inclusion of actual missile performance during ejection
launch and after launch. This includes transient effects during launch
and radome and target noise during the flight of the missile.

2. Inclusion of the effects of noise and missile orientation
both with and without "English Bias."

3. More extensive study of the effect of waiting until snap-
up range (Rgy) is needed.

The three areas above are now under study and will be reported on
in another volume of this series.

PHASE V - STUDY TO DETERMINE AND ASSESS REALIZABIE IMPROVEMENTS

This phase is of necessity a continuing one. In those areas where
it appeared that important gains could be mede by incorporation of im-
provements which could be realized within a useful time scale, action
recommendations have been made to the Bureau. Among the areas where

recommendations have been made are:

Incorporation of optimized search areas in the AT radar.

. Bandwidth switching in the AI radar.
Incorporation of bright display.

oW N e

Optimization of AI radar antenna size and required gimbal
coverage.,

Incorporation of Triangle System.

N
.

6. Doctrine and procedures for employing the aireraft, radar,
missile combination under tactical conditions.

7. Relationship of NI'DS, ATDS to tactical requircements.
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Appraisal of the impact of possible improvements in subsystem on
overall tactical effectiveness is continuing. During the next study
phase primary emphesis will be placed on investigation of sensitivity
of system effectiveness to changes in missile performance.

PHASE VI - STUDY OF IR TIE-IN FOR AI FIRE CONTROL SYSTEMS

No additional study effort beyond thset reported in previous volumes
has been devoted to this phase. In addition, it is not anticipated that
any additional study of this phase will be conducted during the remainder
of the program,

PHASE VII - REPEAT STUDY PHASES I THRU VI FOR SPARROW III WITH IR SEEKER

No additional study effort beyond that reported in previous volumes
has been devoted to this phase. It is anticipated that during the next
study phase, the tactical effectiveness of a multimode seeker (Sparrow III
CW and IR) will be investigated.

PHASE VIII - REPEAT STUDY PHASES I THRU VI FOR SIDEWINDER

To date, only limited dsta on the performance of the proposed Side-
winder IC bas been received. This data is primarily restricted to aero-
dynamics performance of the missile. In Volume III of this series, one
preliminary attack zone overlay was given for Sidewinder IC. This study
phase is extended in this volume %o cover other speed and altitude condi-
tions and to modify this preliminary overlay given previously. Figs. 78
thru 81 give co-altitude attack zone overlays for Sidewilnder IC when the
attacks are conducted under ideal conditions. The intercaptor arrives

at AT radar detection,shown by Curve A on a perfect lead opursuit course.
Lock-on occurs 10 szcs later as shown by Curve B. The pilot must be able
to fly the pure pursuit ecourse until the aerodynamic zone (shown by heavy
curve) of Sidewinder IC is entered without exceeding 3 g's. The sero-
dynanmic zone was obtained from Ref. 8. The 3 g contour is shown by Curve C.

Figure 78 shows the results of co-altitude attacks mede at 50,000 ft
when the interceptor velocity (Vp) is 1940 ft/sec and Vp/Vp = 1.0. Referring
to this figure, it is seen that there is essentially one course (that orig-
inating from approximately 58° off the target's nose) that can be flown to
an acceptable missile launch point. All other courses either require more
than 3 g's (see course originating from 50°) or miss the aerodynamic zone
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(see course originating from 60°). All runs aft of the beam fail because
of lack of speed advantage.

When the velocity of the target (VT) is reduced such that VT/VF = 0.8
the results are as shown on Fig. 79. It is seen that successful runs are
restricted to those originating from approximately 60° off the target's
nose te tail-on. As we go toward the tail, penetration effects become
more pronounced because of increased time required to close to an accept-
able release range.

When the co-altitude attack occurs at 30,000 £t altitude the results
are as shown on Figs. 80 and 81, Figure 80 glves the results for the case
of VT/VF = 1.0. As shown, the interceptor cannot enter the acceptable
aerodynamic zone for Sidewinder IC. This is due to excessive 'g" require-
nents and lack of speed advantage coupled with the very small aerodynamic
zone available. When the speed ratio VT/VF is reduced to .8, the results
are as shown on Fig. 81, Successful attacks can be made under these condi-
tions from 60° off the target's nose around to tail-on. However, as we go
toward the tail the times required to close to the aerodynamic zone for

Sidewinder IC are large.

The attack zone overlays presented on the above four figures represent
an extension of results presented previously. However, these overlays are
still very preliminary in nature, Additional study is needed to include
the actual seeker performance of Sidewinder IC and to develop actual proba-
bility of success curves. In addition, analysis effort is needed in an
attempt to develop optimum tactics for employment of Sparrow III and Side-
winder IC a5 a mixed load.

CONCLUSIONS AND RECOMMENDAT IONS

Introduction

The conclusions and recommendations presented here in no way void
those given previously in Volumes I and IIL. Data in this volume repre-
sents an extension of that given previously and includes subsystem changes
that have occurred and additional areas of investigation. The areas of
investigation detailed in this volume are restricted to the system using
the AN/APQ-T2 (XN-3) radar. Many distinctly different tactical situations
are examined. Fc¢r this reason the reader is encouraged to refer to the
text for the full meaning of the conclusions and recommendations which

follov.
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A. Co-altitude Attack Investigation

l. The results of the study using the barrier method of snalysis
(wherein each barrier represents 85%-90% probability) of the ideal situa-
tion for high altitude (co-altitude) attacks given irn this document are
in agreement with those given previously in Volumes I and IIT, Additional
results for the system employing the AN/APQ-T2 (XN-3) radar are presented
in this volume. The following conclusions are indieated:

(2) When Vip/Vp = 1.0 where Vp = Vpoy and the attack altitude is
50,000 ft, the interceptor must start his approach from forward of 68° off
the target's nose if entry into the effective attack zone is to be made
(see Fig. 3).

(b) When the speed ratio (Vo/VF) 1s reduced to 0.8 where Vp = Vpax
and the attack altitude is 50,000 ft, around the clock attacks are pos-
sible. However, penetration distances are great because of having only a 20%
speed advantage.

2. The probability of successful arrival to missile launch in co-
altitude attacks, vhen limited by some of the degrading factors to be
cnecuntered in the tactical situstion, such as vectoring inaccuracies,
gimbal angle limits, alloweble missile launch error, etc., are given in
Volumes I and ITI for many tactical situations. The analyses detailed
in this volume represent an extension of this investigation and result in
the following conclusions:

(a) When the attack altitude is 30,000 ft, Vqp/Vp = 1.0 and Vy =
M 1.91, the probabllity of successful arrival to missile launch is 75%
head-on, rises slowly to 87% at 30° off the target's nose and drops sharply
beyond ﬂ5° off the target's nose.

(b) When the conditions are the same as those of item (a), except
VT/VF = 0.8, the probability of successful arrival to missile launch is
85% head-on, 97% at 45° off the target's nose, 89% at 60° off the target's
nose. Beyond £0° the probability drops sharply to zero because of target
penctration effects.
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(c) When the target performs a simple 1 g crisscross maneuvver,
the resulting effect on probability of successful arrival to missile
launch is negligible,

B. Pull-up Attack Investigation

1. The pull-up attack investigation of the "ideal" situation detailed
in Volumes I and III was restricted tc head-on attacks. This investiga-
tion is extended in this volume to include around the clock pull-up attacks
made under the "ideal" or perfect vectoring situation. The following con-
clusions are indicated:

(2) When the target is flying at M 2.0 at £5,00C % altitude and
the interceptor starts the pull-up run under Vygy conditions, the pull-up
zone availlable for the head-on aspect is small both in terms of differentisl
altitude and time available. When the aspect angle is increased to 15° off
the target's nose there is essentially no pull-up zone available. When the
aspect angle is increased to 45°, the zone 1s also increased in size to one
where attack from differential altitudes of 48,000 ft can be made. At 60°
off the target's nose there is nou zone available. (See Figs. 5 thru 9).

(v) When the target is flying at M 2.0 at 65,000 ft altitude and
the interceptor starts the pull-up run under Vepryjse conditions, there is
no pull-up zone available (see Figs. 6 and 7).

(c) When the target is flying at M 1.6 at 65,000 £t altitude and
the interceptor starts the pull-up run under Vpax conditions, the pull-up
zones available for aspect angles of head-on and 15° are still small in
terms of differential altitude and time available. At 45° the zone avail-
ablc is large and pull-up attacks can be made from differential altitudes
of 52,000 ft. For aspect angles of 60° and greater, the zone available
is large. However, for aspect angles of 90° or larger, the target pene-
tration distances will be large (see Figs. 10 thru 19).

(d) When the target is flying at M 1.6 at 65,000 ft altitude and
the interceptor starts the pull-up runs under V.ryise conditions, there is
no pull-up zone available (see Figs. 11 and 12).

(e) When the M 2.0 targets altitude is reduced to 50,000 f£t, the
pull-up zone available is increased in size. However, the zones available
at aspect angles of head-on, 15° and 30° are very limited timewise. When
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the aspect angle is increased to L5°, the zone is increased 1n size to
the point where differential altitude attacks of 34,000 ft can be made
(from 16,000 up to co-altitude). For aspect angles of 60° or greater

of the target's nose there is no zone available (see Figs. 20 thru 2k).

(f) When the interceptor starts the pull-up run under Vepyise
conditions against this M 2.0 target flying at 50,000 £t there is a
marginal zone available at 15° off the target's nose (see Figs. 21 and 22).

(g) When the 50,000 ft altitude target's speed is reduced to
M 1.6, the trend is the same as that described under items (e¢) and (@)
above,

(h) From the above results on pull-up attacks it is concluded
that the optimum approach aspect for successfully attacking high speed
targets is U45° off the target's nose. It 1s recommended that tactical
doctrines be developed which will result in placement of the interceptor
at this initial approach aspect.

(i) From the above results on pull-up attacks, it is concluded
that it is tactically wrong to start a pull-up attack with the Intercep-
tor operating under V...;.. conditions.

UL

(j) Extreme differential pull-up attacks should be avoided

because of the small time available in the pull-up zone.

2. The probability of successful arrival to missile launch in pull-up
attacks when limited by some of the degrading factors to be encountered
in the tactical situation, such as vectoring inaccuraclies, gimbal angle
limits, allowable launch errors, etc., are given in Volume III for the
head-on attack case. A study, reported herein, extends this investigation
to include around the clock attucks. In the text It is assumed that

(a) the resulting overall system probability of success must
be 50% or greater to be acceptable,

(b) the probability that the missile will successfully guide
and fuze after being launched is = TO%, and

(c) the resulting probability of successful arrival to missile
launch must be = T0%.
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If these assumptions are valid, the following conclusions are indicated:

(a) When the target is flying at M 2.0 at 65,000 £t and the
fighter starts pull-up runs under Vy,, conditions, the fighter must be
vectored to & position in the region of 30° to 45° off the target's nose
if the resulting pull-up probability of success and associated differen-
tial altitude band available is to be acceptable. The optimum position
for vectoring is 45° off the target's nose (see Figs. 41 thru 46).

(b) If the fighter starts pull-up runs under Vep,ige conditions
against a M 2.0 target at 65,000 ft, the results are unacceptable (see

Fig. W7).

(¢) When the target velocity is reduced to M 1.6 at 65,000 ft
and the fighter starts pull-up runs under Vpgx conditions, the fighter
must be vectored to a position in the region of 30° to 60° off the tar-
get's nose 1if the resulting pull-up probability of success and associated
differential altituce band available is to be aocceptable. Again the
optimum approach aspect is 45° (see Figs. 48 thru 55).

(d) If the target is flying at M 1.6 at 65,000 ft altitude and
the fighter starts pull-up runs under V,.,jge conditions, the results are

(e) When the target is flying at M 2.0 but the altitude is re-
duced to 50,000 ft and the fighter starts pull-up runs under Vg, condi-
tions, the same general trend as described under item (8) is observed.
The fighter has the largest pull-up probability of success along with
the largest differentisl altitude band in the region of 30° to 45° off
the target's nose, Again the optimum approach aspect is in the region
of 45° off the target's nose (see Figs. 57 thru 62).

(£) When the target is flying at 50,000 ft altitude and the
speed is reduced to M 1.6, the Vygx fighter can makc successful around
the clock pull-up attacks. However, when target penetration is con-
sidered, attacks initiated aft of the beam will, in effect, result in
failures (see Figs. 64 thru 72).

3. In the pull-up attack investigation it was found that some of the
failures which aceurred rnuld be attributed to the puli-up doctrine employed.
The doctrine employed was that the interceptor is vectored on a pure colli-
sion course and continues to fly this course until pull-up. Variation of
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this doctrine was investigated with the following results:

(a) The situation is not improved if the pilot steers in azimuth-
only between AI radar lock-on and pull-up. In general, steering in azimuth-
only causes the interceptor to be drawn around toward the tail of the target

(see Table III).

(b) The situation is not improved if the pilot steers in azimuth-
only and delays pull-up until snap-up range (Rsu). In fact, those runs
which failed (using the initial doetrine) were more of a failure when the
criteria of steering in azimuth-only until Rgy is employed (see Table VIII).
{¢) The preliminary investigation conducted to date indicates
that when the interceptor continues on the vectored course (pure collision)
but pull-up is delayed until R, , there is an improvement in probability
of success, The improvement is most evident at aspect angles in the viecinity
of 90° off the target's nose.

FUTURE STUDY EFFORT

There are several areas where investigation is needed before the per-
formance of the FUH-1 (Sparrow III (a) System, under tactical conditions,
can be clearly defined. These are as follows:

1. Further study effort is needed on the low altitude and lookdown
investigation when results of planned tests become available.

2. Determine by study and analysis the acceleration launching
transients occurring during the Sparrow III missile launch and the effects
of these transients upon dynamic performance of the missile internal func-
tions and missile trajectory to the target.

3. Determine by study and analysis the effects of noise and missile
orientation on system accuracy, both with and without "English Bias."

i, Determine by study and anelysis the illumination requirements
after Sparrow III launch in conjunction with breakaway requirements and
aircraft normal flight recovery requirements.

- 5. Determine by study and analysis the feasibility and possible ad-
vantages of using multimode guidance systems.
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6. Investigation of system performance using the Sidewinder IC
is needed. However, this cannot proceed because of a lack of data
describing the performsnce of this missile.

The study effort required in those areas covered by items 2, 3 and
4 above has been completed. Data are belug reduced and the results will
be published in the near future. A preliminasry study of the problem
of item 5 has been made and a report is in preparation. It is antici-
peted that with the reporting of this additional study effort, the Navy's
Air to Air Missile Study as related to the F4H-1 (Sparrow III 6a) Weapon
System will be complete, Additional study of the problems of items 1,
5 and 6 will be conducted under the Navy's Air to Air Missile Study as
related to the FUH- (Sparrow III 6b) Weapon System, which is currently
in progress.
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